The analysis of trace elements in human hair for use as biomarkers continues to generate considerable interest in environmental and bioanalytical studies, medical diagnostics, and forensic science. This study investigated the concentrations of essential and toxic elements (Fe, Mg, Ca, Cu, Zn, Cr, Cd, and Pb) using flame atomic absorption spectroscopy (FAAS) in human scalp hair obtained from subjects living in Forsyth County, North Carolina, USA. The influence of age, sex, race, and smoking habits on the levels of trace elements in the hair samples were also investigated. Additionally, analyses were subjected to a statistical, regression, and principal component analysis to evaluate inter-elemental association and possible pattern recognition in hair samples. Furthermore, Ca/Mg and Zn/Cu ratios, which are often used to evaluate the degree of Ca and Cu utilization in humans and as markers for various health related issues including, atherosclerosis, hypertension, insulin sensitivity, and pancreatic cancer, were calculated. The overall mean concentrations of Fe (25 µg/g), Ca (710 µg/g), Mg (120 µg/g), Zn (190 µg/g), Cu (12 µg/g), and Cr (0.20 µg/g) were found in hair samples. The trace element concentrations varied widely in hair samples as demonstrated by large range of concentrations obtained for each element. However, levels of Cd and Pb elements of <0.030 µg/g were detected in hair sample. In general, the levels of the trace elements in hair samples were poorly correlated. However, significant correlations were found between Ca and Mg (r = 0.840, p = 0.05). The levels of Fe, Ca, Mg, Zn, Cu, and Cr in hair samples and the calculated Ca/Mg and Zn/Cu ratios were found to be largely correlated with age, race, sex, and smoking habits.
Introduction
Trace elements, including Fe, Ca, Mg, Zn, and Cu, play critical roles in proper human body development and metabolic activity [1] [2] [3] . For example, Fe is required in the diet for proper functioning of the liver and hemoglobin, a protein in humans primarily responsible for the transportation and distribution of oxygen from the lungs to various human organs [3] . Iron is also a critical component of myoglobin, an oxygen storing heme protein residing in the cell and is responsible for the color of meat [4] [5] [6] [7] . Iron deficiency may result in insomnia, stunted growth, decreased immune function and inhibition of hemoglobin synthesis, particularly in women and children, resulting in anemia [8, 9] . Calcium and magnesium are necessary for effective teeth and bone structure development, facilitating transmission of nerves impulses, carbohydrate and protein metabolism, activation of various enzymatic reactions, and enhancement of the absorption of phosphorus and vitamins [3] . Zinc and copper promote normal body metabolism, are critical in normal genetic expression, and are essential co-enzymes, catalyzing various enzymatic reactions [1, 10] . These trace elements are required at certain concentrations which can be primarily obtained from sufficiently balanced diet and food supplements.
In contrast, heavy metals such as Pb and Cd are non essential elements and their presence in the human body can be harmful, with serious health consequences. For instance, health hazards, including reduction of child intelligence quotients, hypertension, depression, mental disorders, cancer diseases, and deoxyribonucleic acid damage have been associated with heavy metals at high concentrations [11] [12] [13] [14] [15] . Humans are often exposed to heavy metals through various routes, including the consumption of heavy metal contaminated foods or water, occupational exposure in working environments, lead paints, contaminated toys, industrial activity, vehicular emissions, and environmental exposure [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] . The critical role of essential elements in normal metabolic activity and the potential negative health consequences of toxic heavy metals necessitate the need for routine biomonitoring of the levels of trace metals elements.
Toward these efforts, various studies have utilized a wide range of human specimens including, human serum, blood, tissues, urine, and saliva as biomarkers for effective biomonitoring of trace element concentrations [31] [32] [33] [34] [35] . However, these biomarkers have some major drawbacks including, sample susceptibility to contamination, sample decomposition, and instability. Additionally, some human specimens may involve invasive sample collection. Human scalp hair has lately become more preferable to the analysis of traditional human specimens because many trace elements are more concentrated with longer residence times in hair compared to other human specimens. Besides, hair samples are easy to collect, noninvasive, easy to store, and relatively inexpensive. Thus, human hair samples have been effectively used as biomarkers for the determination of trace element concentrations in environmental and bioanalytical studies, clinical and medical diagnosis, occupational health, recreational and therapeutic use, and forensic science .
We hypothesized that the combined use of analytical spectroscopy, multivariate analysis, statistics, and human scalp hair can be utilized to map the level of essential and potentially toxic trace elements in human subjects. We also hypothesized that race would possibly influence the level of trace elements in the scalp hair of human subjects. Consequently, this study reports for the first time, a comprehensive and combined use of analytical spectroscopy, statistics, multivariate analysis, and human scalp hair as a biomarker for assessing trace element (Fe, Mg, Ca, Cd, Pb, Cu, Zn, and Cr) concentrations in human subjects. The study also reports for the first time, the influence of race on the levels of trace element concentrations and the use of multivariate analysis for trace element pattern recognition in scalp hair of human subjects. Furthermore, the study reports for the first time the influence of race, age, race, sex, on the Ca/Mg and Zn/Cu ratios (which are often used to evaluate the degree of Ca and Cu utilization in human and markers for various health related issues including, atherosclerosis, hypertension, insulin sensitivity, and pancreatic cancer) in the scalp hair of human subjects.
Materials and Methods

Sample Collection and Sample Preparation
Human scalp hair samples were collected in three cities (Winston-Salem, Clemmons, and Kernersville) in Forsyth County, North Carolina, USA. Forsyth County is 409.60 square miles in area, with a population of 350,670 [57] . Females and males account for 52% and 48%, respectively of the population. In addition, people under 18 years of age account for 24.6% of the sample population while those older than 18 years are make-up of 73.4% of the population in Forsyth County. The demographic racial composition of Forsyth County consists of Caucasians (majority 62.3%) and non-Caucasians (minority, 37.7%). Non-Caucasians were made up of African Americans, 26%; Hispanics, 11.9%; and Asians, 1.9%. Scalp hair samples were collected from 125 participants using stainless steel scissors during regular haircut periods at various barber shops and beauty salons over a period of three weeks in June 2011. The sample population consists of 60 males and 65 females aged between 5 and 70 years old. In addition, the hair samples were collected from different races and demographics consisting of Caucasian (n = 87) and non-Caucasians (n = 38). Non-Caucasians were made up of African Americans, Hispanics, and Asians. Only eighteen of the people from whom hair samples were collected declared themselves as tobacco product smokers while 107 identified themselves as nonsmokers.
The collected hair samples were immediately placed in cleaned polyethylene plastic bags, properly labeled, and transported to a dust free laboratory, where the samples were sequentially washed with acetone and ethanol, and thoroughly rinsed with deionized water to remove pharmaceutical products, particulates, and other exogenous materials. The washed hair samples were subsequently dried in an oven at 90˚C for approximately 20 minutes and stored in pre-nitric acid washed Teflon sample containers. Approximately 1.0 g of dried hair sample from each participant was accurately weighed and digested with 15 mL HNO 3 (trace metal grade, purity, 99.999%) in a digestion flask. Hair sample digestions were initiated at relatively low temperatures to prevent a violent reaction until all the hair samples were fully dissolved in the nitric acid. The temperature was then subsequently increased until the solution turned pale yellow to ensure complete sample digestion. The nitric acid digested hair samples were filtered into a 25 mL volumetric flask using a Whatman filter paper (ashless) and diluted to the mark with deionized water. bration curves for each element were prepared by serial dilution of 1000 ppm standard stock solutions of each element purchased from Fisher Scientific. The calibration curve for each element was constructed by plotting the absorbance obtained from FAAS analysis of the standard solution versus the element concentration. The nitric acid digested hair samples were subjected to trace element analysis using a flame atomic absorption spectrophotometer (Shimadzu, AA-6300) using a pre-mixed burner air-acetylene flame. The flow rates of the fuel and oxidant gases were always carefully optimized for each metal analysis. Other routine instrumental checks and calibrations were always performed on the spectrometer before use to ensure the accuracy, reliability and consistent performance of the spectrometer. Each sample was analyzed in triplicate and the averages of the trace element concentrations in the hair samples were calculated using the constructed calibration curves and listed in Table 1 . All necessary precautions were also observed to ensure the accuracy of the results of this study. First, the acetone and ethanol used for the hair wash were of spectroscopic grade. Second, the highest purity HNO 3 acid (purity, 99.999%) was used for the hair digestion and standard solution preparations. Also, all glassware including the sample containers, digestion flasks, and volumetric flasks were pre-soaked in 6M nitric acid for three days and thoroughly rinsed with deionized water before use to remove impurities and contaminants. Additionally, all trace element sample analyses were blank subtracted.
A recovery study was also performed for each metal to further evaluate the accuracy and reliability of the results of the heavy metal concentrations obtained in the analysis. The recovery study was performed by randomly spiking ten previously analyzed hair samples with a known concentration of metal standard solution. The spiked samples were then subjected to HNO 3 digestion and metal analysis procedures under the same experimental conditions as previously used for hair sample analysis. The recovery of the metals in the spiked samples was evaluated by comparing the known concentration of the spiked metal with the concentration detected using FAAS spectrometer.
Multivariate Analysis: Regression and Principal Component Analysis
Linear regression and multivariate principal component analysis for pattern recognition of the levels of the metals in human scalp hair was performed using chemometric software (The Unscrambler, CAMO Inc., 9.4). Table 1 presents the results of the calibration curve parameters constructed for the investigated trace elements in the hair samples. The table indicates the wavelength used for the AAS elemental analysis, the limits of detection (LOD), and limits of quantitation (LOQ) of the trace elements analyzed. The LOD, which is defined as the minimum detectable amount of metal, was calculated using the equation: LOD = 3 s/m; where s is the signal of the blank and m is the slope of the calibration curve. The limit of quantitation, defined as the lowest measurable concentration of analytes (trace elements in this study), was evaluated using the formula: LOQ = 10 s/m. The parameters used to calculate LOQ were as previously defined for LOD. The high values of the correlation coefficients (r) obtained in Table 1 demonstrate good linear correlation of the absorbance with trace element concentrations.
Results and Discussion
Calibration Curves
Overall Trace Element Concentration in Hair Samples
The overall mean, maximum, and minimum of each trace element concentrations in hair samples are shown in Ta ) of the instrument in the hair samples. Unquestionably, the use of a more sensitive analytical instrument such as a graphite atomic absorption or an inductively coupled plasma atomic spectrometer will be required for Cd and Pb detection at ultra-low concentrations.
Trace Element Concentration by Race and Sex
The populations were subdivided into two race categories, the Caucasians (majority) and Non-Caucasians (minority) comprising of African Americans, Hispanics, and Asians. The trace element concentrations by race and sex are shown in Tables 3 and 4 , respectively. Overall mean levels of Fe (27 µg/g), Ca (750 µg/g), Mg (140 µg/g), Zn (200 µg/g), Cu (14 µg/g), and Cr (0.18 µg/g) were obtained in Caucasians. In contrast, corresponding mean levels of Fe (22 µg/g), Ca (631 µg/g), Mg (87 µg/g), Zn (163 µg/g), Cu (6.1 µg/g), Cr (0.24 µg/g) were obtained in non-Caucasians. To evaluate the differences between the mean trace element concentrations obtained in Caucasians and non-Caucasians, the mean trace element concentrations obtained for the two race categories were subjected to a statistical student t-test analysis. At a 90% confidence level, there were no significant differences (t < 1.645, p = 0.01) between the trace element concentrations obtained between Caucasians and non-Caucasians. However, at a 50% confidence level, there were significant differences between the mean concentration of Ca (t cal 0.84, t tab 0.674), Zn (t cal , 1.602, t tab 0.674), Cu (t cal , 1.50, t tab 0.674), and Mg (t cal = 1.574, t tab = 0.674) obtained in Caucasians and non-Caucasians. Trace element concentrations were also found to be gender dependent. Generally, the mean levels of all trace elements were significantly higher in females compared 
Effect of Smoking Habits on Trace Element Concentration
A summary of the levels of trace element concentrations found in the scalp hair of smokers and non-smokers are shown in Table 5 . In general, the mean levels of Ca (550 µg/g) and Mg (77 µg/g) in smokers were less than the mean levels of Ca (740 µg/g) and Mg (130 µg/g) found in non-smokers. Also, the levels of Cu (2.5 µg/g), Zn (170 µg/g), and Cr (0.14 µg/g) found in smokers were relatively less than the corresponding levels of Cu (13 µg/g), Zn (190 µg/g), and Cr (0.21 µg/g) found in nonsmokers. Other studies have reported similar low concentrations of Ca, Mg, Cu, and Zn in smokers scalp hair compared to non-smokers in Poland [50] . However, at 95% confidence level, the mean level of Fe (40 µg/g) found in smokers in this study was statistically and significantly higher than the corresponding mean Fe level of 23 µg/g obtained in non-smokers (t cal 2.12, t tab 1.960).
Trace Element Concentration by Age
To evaluate the effect of age on trace element concentration, the sample populations were subdivided into two age group categories. The first age group category consists of people between 1 -20 years old (n = 29), while the second age group category is made up of people 21 years and older (n = 96). Table 6 shows the results of the trace element concentrations by age. The concentrations of Fe ranged between 6.9 µg/g and 220 µg/g in the 1 -20 years old age group while the concentrations of Fe ranged between 6.155 µg/g and 460 µg/g in people 21 years and older. There was no significant difference between the mean Fe level of 26 µg/g obtained in 1 -20 years old age group and mean Fe level of 25 µg/g obtained in people 21 years and older. However, at the 95% confidence level, a considerably higher mean Ca concentration of 800 µg/g was obtained in 21 people years 
Ca/Mg and Zn/Cu Ratio
The ratios of Ca/Mg and Zn/Cu in hair samples are often used to evaluate Ca absorption and Cu utilization in humans. The ratios are also used as markers for various health related issues including, atherosclerosis, hypertension diabetics, insulin sensitivity, and pancreatic cancer. The utilization and absorption of Ca is highly dependent on Mg concentration (Toba et al., 1999) . In general, a low Ca/Mg ratio is preferred for proper bodily function and Ca metabolism. An ideal normal Ca/Mg ratio of 2 in humans has been suggested. At elevated Mg concentrations, the absorption of Ca is severely hindered [58] . More importantly, a high Ca/Mg concentration ratio has been associated with various health issues, including, atherosclerosis and hypertension [59, 60] . Additionally, Ca/Mg imbalances may lead to other health related issues such as diabetics and alterations in insulin sensitivity [61] necessi-tating the need to critically evaluate the Ca/Mg ratio in humans. Table 7 shows the Ca/Mg ratio in the hair samples to be 5.9. The calculated Ca/Mg ratio was also found to depend on age, sex, race, and smoking habits. Generally, the Ca/Mg ratio in older people is less than the Ca/ Mg ratio found in younger people. Also, non-Caucasians have a relatively larger Ca/Mg ratio of 7.2 compared to a Ca/Mg ratio of 5.5 found in Caucasians. The Ca/Mg ratio (12) found in males was twice the corresponding Ca/Mg ratio of 5.1 found in females. Smoking also seems to influence the Ca/Mg ratio. The Ca/Mg ratio (7.2) in smokers is larger than the Ca/Mg ratio of 5.8 found in nonsmokers. Other studies have also reported similarly higher Ca/Mg ratios in hair samples of smokers compared to non-smokers [50] . Accurate knowledge of Zn to Cu concentration ratios in humans is also of critical health importance because a high Zn/Cu ratio may influence the utilization of Cu, resulting in Cu deficiency in the body. For example, reduced erythrocyte copper-zinc superoxide dismutase activity at elevated Zn plasma concentrations has been reported [62] . Additionally, elevated Zn concentrations have been linked to significant reductions in Cu plasma caeruloplasmin, serious anemia, and alterations in immune responses and serum lipids [63] [64] [65] . Besides, an increase in the Zn/Cu ratio has been observed in pancreatic cancer patients compared to healthy humans [66] .
The Zn/Cu concentration ratios in hair samples by age group, sex, race, and smoking habit are presented in Table 7. A higher Zn/Cu concentration ratio of 69 was found in smokers compared to Zn/Cu ratio of 14 found in non-smokers. The Zn/Cu ratio of 20 found in older people was also significantly larger than the Zn/Cu ratio of 10 observed in younger people. However, Caucasians have relatively low Zn/Cu ratio (14) compared to the Zn/ Cu ratio of 27 found in non-Caucasians. Also, a female's scalp hair contained a low Zn/Cu ratio of 11 compared with a high Zn/Cu ratio of 40 found in male scalp hair samples.
Analytical Method Validation and Recovery Study
Commercial human hair trace element reference standards were not readily available, consequently a spike recovery was performed to evaluate the accuracy of the results obtained from this study. The results of the recovery study performed for each metal analysis in the hair samples are presented in Table 8 . Overall, the percentage recovery of the metal analysis in the hair samples ranged between 95% and 104%. The percent recovery obtained in this study falls within the normal acceptable range of 90% -110% for a good recovery study. The high percentage recovery obtained from the study validates the accuracy of the method and the reliability of the levels of metal concentration in this study. In addition, the obtained high recovery demonstrates insignificant loss or addition of metals to the hair samples during the sample preparation, sample digestion or instrumental metal analysis procedures.
Linear Regression and Principal Component Analysis
To further gain a better insight and understanding of the inter-element association of trace elements in the scalp hair samples, the levels of trace elements were subjected to a linear regression and principal component analysis (PCA). Table 9 presents the summary of the correlation coefficients (r) of the inter-element associations in the hair samples. Generally, the levels of the trace elements in hair samples were poorly correlated. However, significant correlations were found between Ca and Mg (r = 0.840, p = 0.05). Poor correlation between the levels of trace elements in hair suggests that there may be no particular common source of the trace elements in the hair. Diet, eating habits, and the use of food supplements varies widely among people; therefore, people may obtain the required trace elements from diverse sources, resulting in the poor correlation of trace elements in hair samples. Similar poor inter-element associations in hair samples have also been observed and reported elsewhere [66] . Principal component analysis is a modern chemometric approach often employed for pattern recognition in a complex data set. PCA is often used to obtain hidden information that is not apparent from a conventional data analysis. Detailed mathematical discussions and procedures of PCA have been widely reported [67] [68] [69] and is beyond the scope of this study. In brief, PCA is usually performed by transforming the original data set or matrix from the initial coordinate system made up of n-variables into a new orthogonal coordinate system. The new variable space is typically composed of a smaller number of orthogonal vectors known as principal components (PCs). For example, a set of data with n-variables (n = 6 in this study, corresponding to the number of trace elements determined in hair samples) will require an n-dimensional coordinate system, known as variable space to represent it. The most vital assumption of multivariate analysis is that the directions with maximum variance in a data set are associated with useful information. Consequently, the first principal component (PC1) is drawn through the variable space in the direction of the maximum variance in of the original data set. The second principal component (PC2) is then drawn through the data set in the direction of the next largest variance, so that PC1 and PC2 are orthogonal to each other. The third principal component (PC3) is subsequently drawn so that PC1, PC2, and PC3 are all orthogonal to each other. Thus, PC1, PC2, and PC3 now represent a set of variance-scaled eigenvectors that provide a new orthogonal coordinate system on which the original data set can be represented. The individual principal components can be calculated as shown in Equation (1) . Each PC is a linear combination of the n-vectors that make up the original variable space. (1) where, PC1 is the first principal component and X 1 , X 2 , X 3 , … X n , are the magnitudes of the levels of trace elements in this study, and the coefficients (P Ij ) of the linear combination are called x-loadings. The coordinates of the data on the new PCs coordinate system (t i ) are referred to as scores. The magnitude of the scores reveals the importance of PC i to that data point. Groupings of data points on the scores plot may reveal obscured structure in the data. Consequently, new insight is often gained as new relationships that were formerly obscured in the old coordinate system are revealed, allowing pattern recognition in a data set. The use of PCA for data analysis is desirable because it often reduces the dimensionality of the data set to a much smaller value.
The results of the PCA shows that the first two PCs accounted for 98% of the variability in the levels of trace element in the hair samples. Therefore, two PCs (PC1 and PC2) are adequate to represent the data set. Equations (2) and (3) Figure 1(a) is the x-loading of the plot of PC1 versus the PC2. While all the trace elements are important, calcium and magnesium were found to be the most significant elements, contributing to the PC1, with x-loading values of 0.98 and 0.18, respectively. However, Zn and Mg were found to be the major contributors to PC2, with x-loading values of 0.98 and 0.20 respectively. It is very interesting to note that, the overall calculated Ca/Mg ratio value of 5.87 in Table 7 was similar to the corresponding x-loading Ca/Mg ratio of 5.3 obtained from PCA. However, the x-loading Zn/Cu ratio of 59 obtained from PCA was significantly larger than the corresponding overall Zn/Cu ratio value of 16.0 obtained in Table 7 . These differences may be associated with a wider range of Zn/Cu ratio (69 -10) obtained for different categories of people in Table 7 . Nontheless, further critical observation of the data revealed that the x-loading Zn/Cu ratio of 59 was similar to the average Zn/Cu ratio value of 54 obtained in smokers (69) and in men (40) . With further study and more data analysis, the ratio of the x-loadings value of Ca/Mg and Zn/Cu from PCA can therefore be potentially used for rapid screening of calcium and copper utilization and for medical diagnosis of people for suseptiability to atherosclerosis, hypertension diabetics, insulin sensitivity, and pancreatic cancer.
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. Ca . Zn .Cu .Fe .Cr .Pb .Cd Figure 1(b) is the scores plot of the PC1 versus PC2. A closer examination of the plot reveals an interesting pattern with groupings of hair samples based on the locations where the hair samples were collected. The numbers in the plots are the different number codes assigned to different hair samples. For example, hair samples collected in Kernersville were grouped together in the first and second quadrants in Figure 1(b) . However, hair samples collected in Winston-Salem and Clemmons were similarly grouped together in the lower left of the figure in the third and fourth quadrant, respectively, in Figure 1(b) . Other studies have reported the practical application of PCA in elemental analysis for pattern recognition to differentiate and ascertain the origin of several agricultural products [70, 71] .
Conclusion
The results of the flame atomic absorption spectroscopic determination of trace elements in human scalp hair were reported. The levels of trace elements in hair samples were further subjected to linear regression and principal component analysis for data analysis and pattern recognition. The result of this study showed wide variation in trace element concentrations in human scalp hair which may be attributed to differences in eating habits. In addition, trace element concentrations were found to be highly dependent on age, sex, race, and smoking habits. Cadmium and Pb were below the detection limit of 0.030 µg/g in the hair samples. Overall, the levels of trace element concentrations in this study were within the expected normal range of healthy humans and similar to report-ed levels of trace element concentrations in healthy individuals elsewhere. Future study will include comparative analysis and determination of trace element concentrations in human scalp hair of cancer, diabetics, and obesity patients. The results of these findings will be communicated in future manuscripts.
